SPECIFICATION 
TITLE OF THE INVENTION 
INTEGRATED CIRCUIT AND METHOD OF CONTROLLING SAME 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to an integrated circuit in 
which a high-speed access device and a low-speed access 
device are connected by a common bus, and to a method of 
controlling this integrated circuit. 
10 Description of the Related Art 

When a digital circuit is constructed , a plurality 
of devices are connected to a single common bus. 
Transfer of data to the plurality of devices is 
performed through the single common bus. 
15 It is necessary to raise the frequency of the 

operating clock pulses in order to raise the data 
transfer speed. Owing to the effects of bus 
capacitative load, however, there is an upper limit on 
the frequency of the operating clock pulses. Though 
20 changing the material used in the bus in order to 

improve the bus characteristic is conceivable, this 
would raise cost. Further, if the frequency of the 
operating clock pulses is raised to achieve high speed, 
operation will not be stable in a circuit having a long 
25 bus. 

DISCLOSURE OF THE INVENTION 
Accordingly, an object of the present invention is 
to operate an integrated circuit stably and at high 



speed even if the circuit has a long bus. 

According to the present invention , the foregoing 
object is attained by providing an integrated circuit in 
which a device for high-speed access, a device for low- 
5 speed access and a control circuit for controlling 
transfer of data to these devices are connected by a 
common bus in such a manner that transfer of data to the 
device for high-speed access takes priority, the 
integrated circuit comprising: a switch circuit for 

10 performing control to turn on and off the bus connection 
between the device for high-speed access and the device 
for low-speed access, and a control circuit for 
controlling the switch circuit so as to turn off the bus 
connection when data is transferred to the device for 

15 high-speed access and turn on the bus connection when 

data is transferred to the device for low-speed access. 

The present invention provides also a control 
method suited to the above-described integrated circuit. 
Specifically, there is provided a method of controlling 

2 0 an integrated circuit in which a device for high-speed 
access, a device for low-speed access and a control 
circuit for controlling transfer of data to these 
devices are connected by a common bus in such a manner 
that transfer of data to the device for high-speed 

25 access will take priority, the method comprising the 
steps of : providing a switch circuit for performing 
control to turn on and off the bus connection between 
the device for high-speed access and the device for low- 




speed access, and controlling the switch circuit so as 
to turn off the bus connection when data is transferred 
to the device for high-speed access and turn on the bus 
connection when data is transferred to the device for 
5 low-speed access. 

In accordance with the present invention , a device 
for high-speed access, a device for low-speed access and 
a control circuit for controlling transfer of data to 
these devices are connected by a common bus in such a 

10 manner that transfer of data to the device for high- 
speed access will take priority. A switch circuit for 
performing control to turn on and off the bus connection 
is provided between the device for high-speed access and 
the device for low-speed access. The switch circuit is 

15 controlled so as to turn off the bus connection when 

data is transferred to the device for high-speed access 
and turn on the bus connection when data is transferred 
to the device for low-speed access. 

Since the switch circuit turns off the common bus 

20 connection when data is transferred to the device for 
high-speed access, the device for low-speed access is 
disconnected from the common bus. Since the length of 
the common bus therefore is essentially shortened, 
stable operation is possible even when the circuit is 

25 operated at high speed. 

The invention is applicable also to an integrated 
circuit in which a plurality of devices inclusive of the 
device for high-speed access and the device for low- 
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speed access are connected by the common bus so as to be 
given priority for data transfer in order of decreasing 
access speed. In this case, switch circuits would turn 
on and off the bus connection between mutually adjacent 
5 devices among the plurality of devices. Further, the 

switch control circuit would turn on the switch circuits 
in order so as to make possible access to a device 
circuit having a higher access speed. 

It is preferred that the integrated circuit further 

10 include an output circuit. When the device for high- 
speed access, the device for low-speed access and the 
switch control circuit each operate in sync with clock 
pulses, the output circuit outputs, in sync with the 
clock pulses, a signal that enables transfer of data 

15 upon elapse of a fixed period of time after the switch 
control circuit is turned on. 

It will be understood that by outputting the signal 
that enables data transfer, the transfer of data of the 
device for high-speed access ceases and the common bus 

2 0 is released. As a result, transfer of data to the 
device for low-speed access can be carried out. 

The output timing of the data-transfer enable 
signal output from the output circuit would differ in 
dependence upon the access speeds of the above-mentioned 

25 devices in such a manner that the lower the access 
speed, the later the output timing. 

Further, the period of the clock pulses may change 
in dependence upon the access speed of the device to be 



• 



accessed. 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
5 drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing the electrical 
10 construction of an integrated circuit according to a 
preferred embodiment of the present invention; and 

Figs. 2 and 3 are operating time charts of the 
image data. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 Preferred embodiments of the present invention will 

now be described with reference to the drawings. 

Fig. 1 is a block diagram showing the electrical 
construction of an integrated circuit according to a 
preferred embodiment of the present invention. 
20 A common address bus for transferring address data, 

a, common control bus for transferring control data, and 
a common data transfer bus for transferring data 
representing information such as images are connected to 
a CPU 10. 

25 A cache memory 11, a DRAM (Dynamic Random-Access 

Memory) 12 and an A/D (Analog/Digital) conversion 
circuit 13 are connected to the address bus, control bus 
and data transfer bus. Switches Sll, S12 and S13 each 



comprising a MOS (Metal Oxide Semiconductor) transistor 
are connected to the address bus, control bus and data 
transfer bus, respectively, at points between the DRAM 
12 and CPU 10, and switches S21, S22 and S23 each 
5 comprising a MOS transistor are connected to the address 
bus, control bus and data transfer bus, respectively, at 
points between the DRAM 12 and A/D conversion circuit 
13. Thus the switches Sll, S12 and S13 and the switches 
S21, S22 and S23 are connected to the address bus, 

10 control bus and data transfer bus between the CPU 10 and 
the A/D conversion circuit 13. No switches are 
connected to the address bus, control bus and data 
transfer bus between the CPU 10 and the cache memory 11. 
Among the cache memory 11, DRAM 12 and A/D 

15 conversion circuit 13, the cache memory 11 operates at 
the highest speed, the DRAM 12 operates at the next 
highest speed and the A/D conversion circuit 13 operates 
and the lowest speed. Accordingly, it can be said that 
the cache memory 11, DRAM 12 and A/D conversion circuit 

20 13 have been connected to the address bus, control bus 
and data transfer bus in such a manner that priority of 
data transfer by the CPU 10 is given in order of 
decreasing operating speed. 

The integrated circuit further includes a decoder 

25 15 controlled by the CPU 10. The decoder 15 outputs a 
first switch control signal and a second switch control 
signal. The first switch control signal is applied to 
the gate terminals of the switches Sll, S12 and S13, and 



the second switch control signal is applied to the gate 
terminals of the switches S21, S22 and S23. 

The switches Sll, S12 and S13 are turned on, 
thereby connecting the CPU 10 and DRAM 12 via the buses, 
5 in response to the first switch control signal attaining 
the H level. The switches Sll, S12 and S13 are turned 
off, thereby disconnecting the DRAM 12 from the CPU 10 
(i.e., severing the buses so that the A/D conversion 
circuit 13 also is disconnected from the CPU 10), in 

10 response to the first switch control signal attaining 
the L level. 

The switches S21, S22 and S23 are turned on in 
response to the second switch control signal attaining 
the H level. If the switches Sll, S12 and S13 also are 

15 on at this time, the CPU 10 and the A/D conversion 

circuit 13 are connected via the buses. The switches 
S21, S22 and S23 are turned off in response to the 
second switch control signal attaining the L level, 
whereby the A/D conversion circuit 13 is detached from 

20 the CPU 10. 

Fig. 2 is an example of a time chart illustrating 
the operation of the circuit shown in Fig. 1. 

Clock pulses in Fig. 2 are output from a clock 
pulse generating circuit (not shown). The clock pulses 

25 are applied to all of the aforementioned circuits, 
namely the CPU 10, cache memory 11, DRAM 12, A/D 
conversion circuit 13 and decoder 15. The clock pulses 
have a period tl which is fixed regardless of time. 



A bus start signal and a data complete signal are 
control signals that flow through the control bus. The 
bus start signal indicates start of use of the bus . By 
falling to the L level, this signal indicates that use 
5 of the bus has started. The data complete signal is for 
indicating that data transfer is possible and that data 
transfer has ended. Transfer of data is possible when 
the data complete signal is at the L level. When the 
data complete signal rises to the H level , this 

10 indicates the end of data transfer. 

Until time tl4, the first switch control signal is 
at the L level and therefore all of the switches Sll, 
S12 and S13 are off. The DRAM 12 and A/D conversion 
circuit 13 are disconnected from the CPU 10 and the CPU 

15 10 is capable of accessing only the cache memory 11. 

The bus start signal falls to the L level at time 
til, at which time the data complete signal is at the L 
level and data transfer is possible. The CPU 10 outputs 
transfer data and address data, and the transfer data is 

20 written to the cache memory 11 at an address specified 
by the address data. Similarly, at times tl2 and tl3, 
data transfer becomes possible and data is written to 
the cache memory 11. 

Since the first switch control signal is at the L 

25 level and the switches Sll, S12 and S13 are off until 
time tl4, bus length is essentially shortened. High- 
speed transfer, therefore, is stabilized. Since bus 
capacitative load and resistive load are small, data can 



be transferred at high speed. Further the consumption 
electric power can be reduced. 

When time tl4 arrives , the bus start signal falls 
to the L level and the first switch control signal 
5 output from the decoder 15 rises to the H level. The 
switches Sll, S12 and S13 turn on, thereby connecting 
the CPU 10 and the DRAM 12 via the buses. This makes it 
possible for the CPU 10 to access the DRAM 12. 

In order to assure time for the switches Sll, S12 
10 and S13 to turn on, control is exercised in such a 

manner that the data complete signal will be at the L 
level at time tl5, which occurs two clock pulses after 
time tl4. 

Thus, data transfer to the DRAM 12 by the CPU 10 
15 becomes possible and data is written to the DRAM 12 at 
the address specified by the address data. 

When time tl6 arrives, the bus start signal falls 
to the L level and the second switch control signal 
output from the decoder 15 rises to the H level. The 
20 switches S21, S22 and S23 turn on, thereby connecting 
the CPU 10, the DRAM 12 and the A/D conversion circuit 
13 via the buses. This makes it possible for the CPU 10 
to access the A/D conversion circuit 13. 

In order to assure time for the switches S21, S22 
25 and S23 to turn on in this case also, control is 

exercised in such a manner that the data complete signal 
will be at the L level at time tl7, which occurs three 
clock pulses after time t!6. 




Thus, data transfer to the A/D conversion circuit 
13 by the CPU 10 becomes possible and analog/digital 
conversion processing is executed. 

Fig. 3, which illustrates another embodiment , is a 
5 time chart illustrating operation of the circuit shown 
in Fig. 1. 

The cache memory 11 is accessible until time t21. 
Both the cache memory 11 and DRAM 12 become accessible 
when time t22 arrives, and the cache memory 11 , DRAM 12 

10 and A/D conversion circuit 13 become accessible when 
time t23 arrives. This operation is similar to that 
shown in Fig. 2. 

According to the operation shown in Fig. 3, the 
period of the clock pulses up to time t21, the period 

15 from time t21 to time t23, and the period from time t23 
to time t24 differ from one another. Since access is 
performed at high speed until time t21, high-speed clock 
pulses of a correspondingly short period tl are 
generated so that the circuit operates in conformity 

20 with these clock pulses. Since access is performed at 
medium speed from time t21 to time t23, clock pulses 
having a period t2 that is a little longer than tl are 
generated. Since access is performed at low speed. from 
time t23 to time t24, clock pulses having a period t3 of 

25 maximum length are generated. 

These clock pulses can be generated using so-called 
clock gear, in which frequency can be varied using a 
frequency divider circuit and a PLL (Phase-Locked Loop). 
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In the case illustrated in Fig. 3, control is 
carried out in such a manner that the data complete 
signal falls to the L level after a delay of one clock 
pulse from time t21 and from time t23. As a result, 
5 data can be transferred to the DRAM 12 and A/D 

conversion circuit 13 after switches Sll, S12 and S13 
and switches S21, S22 and S23 have been turned on with 
certainty. 

As many apparently widely different embodiments of 
10 the present invention can be made without departing from 
the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific 
embodiments thereof except as defined in the appended 
claims. 



